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0 Rotary fluid pressure device and improved stationary valve plate tiierefor. 



0 An improved gerotor device Is disclosed, usable 
as either a pump or a motor, of tiie type including a 
gerotor gear set (17), and a movable valve member 
which may have either purely rotary motion (55), or 
may have both orbital and rotational motion (127). 
The valve member defines two groups of valve ports 
(63,65; 163,165) communicating with an inlet port 
(57) and an outlet port (61). The movable valve 
member Is in sliding, sealing vaiving adiion with an 
adjacent stationary valve plate (19'; 119') which de- 
fines a set of stationary fluid passages (67a-67g; 
167a-t67i) which communicate with the gerotor vol- 
ume chambers (29a-29g). The stationary valve plate. 



in accordance with the invention, also defines a 
plurality of secondary fluid passages (77a'77g; 177a- 
1771) each of which is diametrically opposite one of 
the primary fluid passages (67a-67g; 167a-167i). The 
primary and secondary fluid passages are intercon- 
nected by cut-out portions vnthin the stationary valve 
plate, defining fluid passages (BlarBIg: 181a-181i). 
thus effectively doubling the orifice area during vai- 
ving action, and substantially reducing the no-load 
pressure drop when the device is being used as a 
motor, or substantially reducing the tendency toward 
cavitation when the device is used as a pump. 
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ROTARY FLUID PRESSURE DEVICE AND IMPROVED STATIONARY VALVE PLATE THEREFOR 



BACKGROUND OF THE DISCLOSURE 

The present Invention relates to rotary fluid 
pressure devices, and more particularly, to such 
devices which Include an internal gear set and a 
pair of relatively movable valve members operable 
to communicate fluid to and from the gear set. 

Although it should become apparent from the 
subsequent description that the invention may be 
useful with various types and configurations of ro* 
tary fluid pressure devices, including both pumps 
and motors, it is especially advantageous when 
used in a device including a gerotor gear set 

Fluid motors of the type utilizing a gerotor 
displacement mechanism to convert fluid pressure 
into a rotary output are especially suited for low- 
speed, high-torque applications. Typically, in fluid 
motors of this type, there are two relatively mov- 
able valve members, one of which Is stationary and 
provides a fluid passage communicating with each 
of the volume chambers of the gerotor, while the 
other valve member rotates at the speed of rotation 
of the rotatable memtser of the gerotor gear set 
Valving of the type described above Is referred to 
as being "low-speed, commutattng" valving* to dis- 
tinguish it from the type of vaMng referred to as 
"high-speed" vahnng, wherein the rotatable valve 
member rotates at the orbit speed of the orbiting 
member of the gerotor set 

One of the Important performance criteria in 
gerotor motors of the type tiaving low-speed, com- 
mutating valving is the "no-load pressure drop", 
which is a measure of the mechanical efficiency of 
the motor. The no-load pressure drop is the dif- 
ference between the pressure at the inlet port and 
the pressure at the outlet port which is required to 
rotate the output shaft of the motor, with "no load", 
or no resistance to rotation of the output shaft In a 
sense, the no-load pressure drop may be consid- 
ered a measure of the motor's resistance to fluid 
flow through the main flow path, from the inlet port 
through the valving, then through the gerotor, then 
bacic through the valving, and finally to the outlet 
port The smaller the various fluid passages and 
ports, the greater the resistance or restriction to 
fluid flow, and the higher the no-load pressure 
drop. 

B(cesslve no-bad pressure drop has been a 
problem especially in gerotor motors of the type 
refen^ to as "disc vah^" motors, such as is 
shown in U.S. Patent Nos. 3,572,983 and 
3.434.600, assigned to the assignee of the present 
invention and incorporated herein by reference. 
The term "disc vah^e" will be understood to refer to 
a device in which the stationary and rotary vah^e 



surfaces are both, flat, planar surfaces oriented 
transverse to the axis of rotation of the device. In 
disc valve motors, there is a rotary disc valve 
defining a plurality of valve ports (for example, 12 
5 or more) in a relatively small area, thus limiting the 
size of the ports and the area of communication 
between the rotating ports and the adjacent station- 
ary ports. 

Related to the problem of no-load pressure 
70 drop Is that typical disc valve gerotor motors have 
not commonly been used as pumps, because the 
relatively high restriction to fluid flow would cause 
cavitation to occur within the device, unless the 
inlet port is pressurized, such as by means of a 
IS charge pump. 



SUMMARY OF THE INVENTION 

20 Accordingly, it is an object of the present in« 
vention to provide a rotary fluid pressure device of 
the type descrit^ed above in which the no-load 
pressure drop Is sutjstantially reduced when the 
device is being used as a motor, or wherein the 

26 tendency for cavitation to occur is substantially 
reduced when the device is being used as a pump. 

It is a more specific object of the present 
invention to provide an improved disc valve gerotor 
device (motor or pump) which accomplishes the 

30 above-stated object, without requiring any substan- 
tial redesign of the device or change in size of the 
various parts of the device. 

It is an even more specific object of the 
present invention to provide a disc valve gerotor 

35 device which accomplishes the above-statod ob- 
jects, and in which only the stationary valve mem- 
ber Is modified. 

The above and other objects of the present 
invention are accomplished by the provision of an 

40 improved rotary fluid pressure device of the type 
including tiousing means defining a fluid inlet port 
and a fluid outlet port and having a rotary fluid 
displacement mechanism including a ring member 
having a plurality N + 1 of internal teeth, and a 

45 star member having a plurality N of extemaJ teeth. 
The star member is eccentrically disposed within 
the ring member, and the teeth of the ring memt)er 
and star member interengage to define expanding 
and contracting fluid volume chambers during the 

50 relative movement therebetween. One of the ring 
memt)er and ster member has rotational movement 
about ite own axis, and one of the members has 
orbital movement about the axis of the other. A 
stationary valve member is operatlvely associated 
with the housing means and defines a stationary 
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valve surface oriented generally transversely rela- 
tive to the axes of rotation. The stationary valve 
member further defines a plurality N + 1 of first 
fluid passages, each being in fluid communication 
with one of the fluid volume chamt3ers and having 
passage openings in the stationary valve surface, 
arranged circumlerentially relative to the axis of the 
rotatable member. A rotary valve member is mov- 
able in synchronism with the rotary movement of 
whichever of the ring and star rotates, the rotary 
valve member Including a valve surface disposed 
in sliding, sealing engagement with the stationary 
valve surface, and defining a plurality 2N of valve 
ports having openings in the valve surface, and 
anranged circumferentially relative to the axis of tfie 
rotary valve member. The plurality 2N of valve 
ports includes a first group of valve ports having 
constant fluid communication with the fluid inlet 
port and a second group of valve ports having 
constant fluid communication with the fluid outlet 
port. At least a portion of the plurality 2N of valve 
port openings are in fluid communication with at 
least a portion of the first fluid passage openings 
during the relative orbital and rotational movement, 
to direct fluid from the Inlet port to the expanding 
volume chamt^rs. 

The improved rotary fluid pressure device is 
characterized by the stationary valve member fur- 
ther defining a plurality N + 1 of second fluid 
passages, each having a passage opening in the 
stationary valve surface, but being blocked from 
fluid communication with the fluid volume cham- 
bers. The second fluid passage openings are ar- 
ranged circumferentially relative to the axis of the 
rotatable one of the ring and star, each of the 
second fluid passages being approximately diamet- 
rically disposed from one of the first fluid pas- 
sages. The stationary valve member further defines 
a plurality N -i* 1 of third fluid passages, each 
providing fluid communicalion t)etween only one of 
the first fluid passages and only the one of the 
second fluid passages cfiametrically disposed 
therefrom. 



BRIEF DESCRIPTION OF THE DRAWII^GS 

RG. 1 Is an axial cross-section of a fluid motor 
of the type in which the present invention may 
be utilized. 

RG. 1 A is an enlarged, fragmentary cross sec- 
tion, similar to RG. 1. including the stationary 
valve member of the present invention. 
RG. 2 is a transverse cross-section taken on 
line 2-2 of RG. 1. illustrating the gerotor gear 
set of the motor of RG. 1. 
FIG. 3 is a transverse cross-section taken on 
line 3-3 of RG. 1. illustrating a stationary valve 



plate in accordance with the prior art 
RG. 4 is a front elevation of the rotatable valve 
member shown in FIG. 1, viewed In a direction 
opposite that of FIGS. 2 and 3, but on a slightly 
5 larger scale than RGS. 2 and 3. 

FIG. 5 is a somewhat schematic view illustrating 
commutating valving action in accordance with 
the prior art. 

FIG. 6 is a transverse cross-section, similar to 
10 FIG. 3. fctut on a larger scale, illustrating the 
stationary valve member of the present inven- 
tion. 

FIG. 7 is a view similar to FIG. 6. illustrating one 
of the intermediate plates of the stationary valve 
IS member, made in accordance with the present 
invention. 

RG. 8 Is a somewhat schematic view, similar to 
RG. 5, but on a larger scale, illustrating com- 
mutating valving action in accordance with the 
20 present Invention. 

RG. 9 is a graph of orifice area versus star orijit 
angle, comparing the prior art and the present 
invention. 

RG. 10 is a somewhat schematic, valve overlay 
25 view of an alternative embodiment of tiie 

present invention. 

RG. 11 Is a view similar to FIG. 7. illustrating an 
Intermediate plate of the stationary valve mem- 
ber of the alternative embodiment of the present 

30 Invention. 

FIGS. 12 and 13 are graphs of orifice area 
versus star orbit angle for the alternative em- 
bodiment of the invention, illustrating tiie prior 
art orifice area and the orifice area added in 

3S accordance with the present invention, respec- 
tively. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

40 

Refening now to the drawings, which are not 
intended to limit the invention. RG. 1 is an axial 
cross-section of a fluid pressure actuated motor of 
ttie type to which the present invention may be 

45 applied, and which is Illustrated and described in 
greater detail In above-Incorporated U.S. Pat No. 
3,572,983. it should be understood tiiat the tenm 
"motor" when applied to such fluid pressure de- 
vices is also Intended to encompass ttie use of 

60 such devices as pumps. 

The hydraulic motor, generally designated 11. 
comprises a plurality of sections secured togettier, 
such as by a plurality of boHs 12 (shown In RGS. 2 
and 3). The motor 11 includes a shaft support 

55 casing 13, a wear plate 15, a gerotor displacement 
mechanism 17. a port plate 19. and a valve hous- 
ing 21. 

The gerotor displacement mechanism 17 is 
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well known in the art and will be described only 
briefly herein, referring to RGS. 1 and Z More 
specifically, in the subject embodiment, the dis^ 
placement mechanism 17 is a Geroler*^ displace- 
ment mechanism comprising an internally-toothed 
assembly 23. The assembly 23 Includes a station- 
ary ring member 24 defining a plurality of generally 
semlK^ylindrical openings, and rotatably disposed 
in each of the openings is a cylindrical member 25, 
as is now well known In the art. Eccentrically dis- 
posed within the internally-toothed assembly 23 is 
a rotor member 27 having a plurality of external 
teeth 28. Typk:aily, there is one less external tooth 
28 than the number of cylindrical. Internal teeth 25, 
thus permitting the rotor member 27 to orbit and 
rotate relative to the internally-toothed assembly 
23. The relative orbital and rotational movement 
between the assembly 23 and the rotor 27 defines 
a plurality of expanding and contracting volume 
chambers 29a-29g. 

Refenring again to RG. 1, the motor 11 in- 
cludes an input-output shaft 31 positioned within 
the shaft support casing 13 and rotatably supported 
therein by surtabie bearing sets 33 and 35. The 
shaft 31 includes a set of intemal, straight splines 
37, and in engagement therewith is a set of exter- 
nal, crowned splines 39 formed on one end of a 
main drive shaft 41. Disposed at the opposite &nd 
of the main drive shaft 41 is another set of external, 
crowned splines 43, in engagement with a set of 
internal, straight splines 45, formed on the inside 
diameter of the externally-toothed rotor member 
27. Therefore, in the subject embodiment, because 
the intemaiiy-toothed assembly 23 includes six in- 
ternal teeth 25. six orbits of the rotor member 27 
result in one complete rotation thereof, and as a 
result, one complete rotation of the main drive shaft 
41 and the input-output shaft 31. 

Also in engagement with the intemal spGnes 45 
is a set of external splines 47 formed atK)ut one 
end of a valve drive shaft 49 which has, at its 
opposite end, another set of external splines 51 in 
engagement with a set of intemal spBnes 53 
formed about the Inner periphery of a valve mem- 
ber 55. The valve member 55 is rotatably disposed 
within the valve housing 21. artd the valve drive 
shaft 49 Is spllned to both the rotor member 27 
and tfie valve member 55 in order to maintain 
proper valve timing, as is generally well known in 
the art 

The valve housing 21 includes a fluid port 57 In 
communication with an annular chamtDor 59 which 
sunrounds the annular valve member 55. The valve 
housing, 21 also includes arKrther flukJ port (not 
shown) which Is in fluid communication with a fluid 
chamber 61. The valve member 55 defines a plu- 
rality of alternating valve ports 63 and 65. the vaWe 
ports 63 being in continuous fluid oommunksation 



with the annular chamber 59. and the valve ports 
65 being In continuous fluid communication with 
the chamber 61. In the subject embodiment, there 
are six of the valve ports 63, and six of the valve 

5 ports 65. con^esponding to the six external teeth 28 
of the rotor member 27 (see RG. 4). 

The port plate 19 (see FIG. 3), which serves as 
a stationary valve member, defines a plurality of 
fluid passages 67. each of which is disposed to be 

70 in continuous fluid communication with the adjacent 
volume chamber 29. In operation, pressurized fluid 
entering the fluid port 57 will flow through the 
annular chamt)er 59. then through each of the valve 
ports 63. and through the fluid passages in the port 

15 plate 19 which are Identified as 67a, 67b. and 67c. 
This fluid will then enter the expanding volume 
chambers identified as 29a, 29b. and 29c, respec- 
tively. The above-descrit>ed flow of pressurized flu- 
id will result in movement of the rotor memtjer 27. 

20 as viewed in RG. 2, comprising (a) orbiting move- 
ment in the counterclockwise direction, and (b) 
rotating movement in the clockwise direction. As is 
well known to those skilled in the art. the above- 
described flow will also result In ckx^kwise rotation 

2S of the valve member 55 and output shaft 31 . when 
viewed in the same direction as RG. 2. 

At the given Instant of operation Illustrated in 
RG. 2. fluid exhausted from the contracting volume 
chambers 29d, 29e. and 29f is communicated 

30 through the fluid passages 67d, 67e. and 67f, re- 
spectively. Bdiaust fluid flowing out of tiie fluid 
passages 67 enters the respective valve ports 65 
and fk)ws Into the fluid chamber 61, then to tiie 
fluid port not shown in RG. 1, and from there, to 

35 the reservoir. The operation of the fluid motor de- 
ScrilDed above is conventional, and generally well 
understood by those skilled in tiie art 

As may be seen from the description above of 
the operation of tfie motor 11, valving action occuns 

40 between a valve surface 71 of the stationary valve 
member 19 (RG. 3) and a valve surface 73 of tiie 
rotary valve member 55 (RG. 4). AHhough tiie 
valve surfaces 71 and 73 in the subject emtxKli- 
ment are flat, planar surfaces, oriented sutistantially 

45 perpendicular to ttie axis of the motor 11, the 
commutating valving action is illustrated somewhat 
schematically In RG. 5 as tiiough tiie valve sur- 
faces 71 and 73 were cylindrical. Refening still to 
FIG. 5, In which double cross-hatching indicates 

50 pressurized fluid, and single cross-hatching indi- 
cates return fluid, it may be seen that the valve 
ports 63 on tiie left side aro in communication witii 
tiie fluid passages 67a, 67b. and 67c. However, in 
the conventional prior art device, the valve ports 63 

55 on tfie right side are not in communication with any 
of tiie fluid passages 67. such tiiat some of tiie 
potential valving action, involving the valve ports 63 
on ttie right side, is effectively being wasted. 
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Referring now to FIG, 6, there is illustrated a 
view, similar to RG. 3. of a stationary valve plate 
19' made in accordance with the present invention. 
In the subject embodiment, the stationary valve 
plate 19' comprises a plurality of fine-iine blanlced s 
steel plates, joined together by any suitable means 
such as brazing, and substituted in the motor 11 in 
place of the plate 19 shown in RG. 1. it should be 
understood that the stationary valve member 19', 
made In accordance with the present invention, 10 
could preferably have the same axial thiclcness, 
and overall dimensions as ttie prior art plate 19. 

Refening still to RG. 6, the stationary valve 
plate 19' comprises 15 separate thin plate mem- 
bers. The fifteenth plate, i.e.. the plate adjacent the is 
gerotor gear set 17, has the configuration of the 
prior art plate shown in RG. 3.. and defines only 
tiie fluid passages 67a-67g which are in direct 
communication with the volume chambers 29a-29g. 

Of the remaining 14 plates comprising the sta- 20 
tionary valve memt)er 19 , each of the odd num- 
bered plates p.e., plates 1, 3, 5, 7. 9. 11. and 13, 
counting from the left in RG. 1) has the configura- 
tion of plate member 75, shown in RG. 6. and the 
first plate member 75 defines a stationary valve 25 
surface 71 disposed adjacent the vaWe surface 73 
of the rotary valve memt^er 55. In addition, the 
plate members 75 define a plurality of fluid pas- 
sages 77a'-77g. The fluid passage 77a is disposed 
diametrically opposite the fluid passage 67a: the 30 
fluid passage 77b is disposed diametrically op- 
posite the fluid passage 67b: etc. The function of 
the fluid passages 77a-77g will be described In 
greater detail subsequently, although it may be 
noted by referring to the schematic view of RQ. 8, 3S 
that wlile the fluid passages 67a, 67b, and 67c are 
in communication with pressurized valve porte 63. 
the diametrically opposite fluid passages 77a. 77b, 
and 77c are also in communication with pressur- 
ized valve ports 63. It may be seen that the fluid 4o 
passages 77a, 77b, and 77c are, at the instant in 
time illustrated in RGS. 2-8. in communication with 
the pressurized vah/e ports 63 on tfie right side of 
the device. As was described in connection with 
RG. 5. the pressurized vaNe porte 63 on the right 4$ 
side of the prior art device are, at the instant in 
time illustrated, effectively being wasted. 

Refem'ng now to RG. 7, the even numbered 
plates (i.e., plates 2. 4, 6, 8. 10, 12, and 14. 
counting from the left in FIG. 1) comprise a series so 
of plate memt^ers 79a-79g, with only plate member 
79a being illustrated. Each of the plate members 
79a-79g defines all of the fluid passages 67a-67g 
and 77a-77g which are defined by each of the plate 
members 75. Therefore, each of the fluid passages ss 
67a-67g extends through the entire axial extent of 
the stationary valve plate 19', whereas each of tiie 
fluid passages 77a-77g extend axially through only 



the first 14 plates of the stetionary valve plate 19 . 

Referring still to RG. 7, tiie plate member 79a 
includes an arcuate cut-out portion 81a which de- 
fines a fluid passage (hereinafter the fluid passage 
will be referred to as 81a) interconnecting the fluid 
passage 67a and tiie fluid passage 77a Aittiough 
tiie subsequent plate members 78b-^g are not 
shown, it should be apparent from the above de- 
scription tfiat for example, tiie plate member 79b 
includes an arcuate cut-out portion defining a fluid 
passage 81b interconnecting tiie fluid passage 67b 
and the fluid passage 77b; eto. 

Refem'ng now to FIG. 8. there Is shown some- 
what schematically the operation of the improved 
stationary valve plate 19 of the present invention. 
Each of the arcuate cut-out portions defines fluid 
passages 81a-81g which interconnect the fluid pas- 
sage 77a-77g, respectively, with the fluid passage 
67a-67g, respectively. It should t>e understood by 
tiiose skilled in the art that, although each of tiie 
cut-out portions 81a-81g is illustirated schematically 
in RG. 8 as being located at a different radial 
dimension from tiie axis of the device, for purposes 
of illustration, each of the cut-out portions 81t>-81g 
may actoally t>e identical to the portion 81a slown 
in RG. 7, except for ttte angular orientation, i.e., 
cut-out portion 81 g extends t>etween fluid passages 
77g and 67g. 

By utilizing the stationary valve plate 19' of tiie 
present invention, the three pressurized valve porte 
63 on the right side of tiie device (as seen in RG. 
8) are in communication witfi the fluid passages 
77a, 77b. and 77c. In tiie subject embodiment, tiie 
symmetry of the various passages is such that tiie 
orifice area t>etween valve porte 63 and the fluid 
passage 77a is, at any point in time, identical to the 
orifice area t)etween a valve port 63 and the fluid 
passage 67a The same Is tme with regard to the 
orifice area at fluid passages 77b and 67b, as well 
as at 77c and 67c. 

Refening now, by way of example only, to the 
sixtii plate, which would be plate member 79c, as' 
valve port 63 fciegins to communicate with fluid 
passage 77c, fluid entering passage 77c flows 
tfirough the arcuate cut-out portion 81c, and enters 
tiie fluid passage 67c. at a point axially intennedi- 
ate the opposite ends of the composite passage 
67c. 

It should be apparent to one skilled in the art 
tiiat tiie effect of tiie stationary valve plate 19' is to 
double the total orifice area through which fluid 
flows and eventually enters (or is exhausted from) 
each of the ffciid passages 67a-67g. 

Referring now to RG. 9, there is illustrated a 
graph of orifice area versus star orbit angle, com- 
paring the prior art to the present invention. Refer- 
ring to tiie earlier example, the curve labeled "prior 
art" in RG. 9 would represent the orifice area 
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defined between the fluid passage 67c and the 
adjacent valve port 63, as the star or rotor member 
27 orbits through an angle of 180 degrees. The 
curve labeled "invention" represents the sum of 
the prior art orifice area, plus the orifice area de- 
fined by the fluid passage 77c. and the adjacent 
valve port 63. As may be seen In RQ. 9, for any 
given star orbit angle, the total orifice area is dou- 
bled, by use of the present invention. 

Refemng now to FIGS, 10-13. an attemative 
embodiment of the present invention will be de- 
scribed The alternative embodiment relates to a 
low-speed, high-torque gerotor motor of the type 
illustrated and described in greater detail in U.S. 
Patent No. 4,741,681, assigned to the assignee of 
tiie present invention and incorporated herein by 
reference. The above-incorporated patent Is direct- 
ed to an improved gerotor motor in which the low- 
speed, commutating valving is accomplished by 
file ori^iting and rotating gerotor star member. In 
describing the alternative embodiment, elements 
which are ttie same as, or functionally equivalent to 
elements in the emlx)diment of FIGS. 1-9 will bear 
the same reference numeral, plus 100. However, 
the embodiment of PIGS. 1-9 Involves a 6-7 gero^ 
tor, and therefore. Includes 7 of tiie fluid passages 
67a-67g. whereas the alternative embodiment In- 
volves an 8-9 gerotor, and ther^bre, has 9 fluid 
passages 167a'167i. 

Refening first to RG. 10, which Is a somewhat 
schematic, valve overiay view, there is shown a 
plurality of intemal teeth 125, and disposed therein 
a rotor member 127. The rotor member 127 de- 
fines, alternately, valve ports 163 whicn receive 
pr^surized fluid from the inlet port of the device, 
and valve ports 165 which are in communication 
with the outiet port of the device. In the schematic 
of RG. 10, the volume chambers are not specifi- 
cally identified, but as is well known to those sidlied 
In the art each volume chamber is disposed be- 
tween each pair of adjacent intemal teeth 125. and 
just radially outward from the profile of the rotor 
member 127. 

The alternative embodiment of the invention 
includes a stationary valve plate 119', comprised of 
a plurality of separate, probably thin, plate mem- 
bers. Disposed immediately adjacent tiie valving 
surface of the rotor member 127, and In sliding 
engagement tfierewitii, ttie stationary valve plate 
119' includes a plate member 175. The plate mem- 
ber 175 defines a plurality of fluid passages (also 
refenred to as "timing slots") 167a*167i. Witii the 
rotor member 127 in tiie instantaneous position 
shown In RG. 10. the fluid passages 167a>167d 
each receive pressurized fluid from the adjacent 
one of tiie valve ports 163, such that the rotor 
member 127 ortxts In the counterclockwise direc- 
tion and rotates in ttie ckxkwise direction, in the 



same manner as was described in connection with 
tiie primary embodiment of RGS. 1-9. 

Refem'ng still primarily to FIG. 10, the plate 
memt»er 175 also defines a plurality of fluid pas- 
5 sages 177a-177i, with the fluid passage 177a being 
diametrically opposite the fluid passage 167a; the 
fluid passage 177b being diametrically opposite ttie 
fluid passage 167b; etc.. In the same manner as in 
the primary embodiment. 

10 There are two primary differences between tiie 
alternative embodiment and that of FIGS. 1-9. The 
first difference relates to tiie placement of the ar- 
cuate cut-out portions, in the primary embodiment 
with each of the cut-out portions 81a-81g t)eing in a 

IS separate plate member 79a-79g, respectively, a 
total of 15 plates were required. However, in the 
alternative ambodlment, wrtii nine arcuate cut-out 
portions required, a total of at least 20 separate 
plates would l^e required, if there were only one 

20 cut-out portion per plate. Therefore, in RG. 11 is 
illustrated, by way of example only, a plate mem- 
ber ITBb. Before describing the plate 179b in de- 
tail, it should first be noted that each of the fluid 
passages 167a-167i has a fairiy substantival radial 

2s dimension in the plate memt)er 175 disposed Im- 
mediately adjacent the rotor memt)er 127, in order 
to permit fluid communication between the valve 
ports 163, 165 and the radially-inner ends of each 
of the fluid passages 167a-167i. However, in tiie 

30 several plates behind (or underneath) the plate 
member 175, the radial dimension of tiie fluid pas- 
sages 167a-167l Is substantially reduced, and ttie 
location thereof moves radially further outward. In 
addition, certain other passages change shape and 

35 k)cab'on in progressing from the first plate 175 to 
subsequent plates. Refening still to RG. 11, it will 
be noted that the plate member 179b does not 
Include any of the fluid passages 167c, 167f. or 
1671, and also, does not include any of the fluid 

40 passages 177c, 177f. or 1771. The atx)ve-men» 
tioned flukJ passages, as well as their respective 
arcuate cut-out portions 181c, 181f, and 1811 are all 
located in, and tenninate at. a plate member 179c 
(not sfiown) which is disposed axially t)etween the 

45 plate member 179b and the plate 175. 

The plate member 179b defines ttie fluid pas- 
sages 177b, 177e and 177h. In addition, the plate 
memt)er 179b defines the radially-outer part of the 
fluid passages 167b, 1670, and 167h. Rnally. ttie 

50 plate memfc)er 179b defines arcuate cut-out por- 
tions 181b. 181e, and 181h, providing communica- 
tion from tiie fluid passages 177b, 177e. and 177h, 
respectively, to the fluid passages 167b, 167e. and 
167h, respectively. 

55 Refem'ng again to RG. 10. it will be understood 
by those skilled in tiie art ttiat ttie general mode of 
operation of the alteniative embodiment is tiie 
same as for the primary embodimenL For example. 
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as the fluid passage 167a begins to communicate 
with the adjacent valve port 163. the opposHely 
disposed fluid passage 177a Ijegins to commu- 
nicate with the adjacent valve port 163, and the 
pressurized fluid communicated into the fluid pas- 
sage 177a flows through its respective arcuate cut- 
out portion 181a {not shown) and flows to the fluid 
passage 167a, thus Increasing the effective valving 
area as the rotor 127 orbits and rotates. 

The second major difference between the alter- 
native embodiment and the primary embodiment 
relates to the different orifice areas, and the dif- 
ferent rates of change of the orifice areas. Refer- 
ring again briefly to RG. 9. in the primary embodi- 
ment, the effect of the added fluid passages 77a- 
77g is to double the effective orifice area, for any 
particular star orbit angle. This 2:1 relationship in 
the orifice area for the primary embodiment Is the 
result of the rotary valve member 55 being coaxial 
with the stationary valve plate 19 , and having only 
rotational movement relative thereto. 

In the alternative embodiment however, the 
"rotary valve member", which is the rotor member 
127, is disposed eccentrically relative to the sta- 
tionary valve ptete 119' and has both orbital and 
rotational movement relative thereto. The effect of 
this compound movemertt on the orifice area ver- 
sus star ortjit angle relationship may be better 
underatood by refening again to RG. 10. as well as 
the graphs in RGS. 12 and 13. In RG. 10. as the 
fluid passage 167a begins to communicate with the 
adjacent valve port 163. the rate of increase of 
orifice area is relatively small, because the amount 
of movement of the valve port 163, relative to the 
fluid passage 167a, in the drcumfererrtial direction, 
is relatively little. This is partly because this par- 
ticular valve port 163 is very near the pivot point of 
the star 127, Referring to RG. 12, the orifice area 
does not reach .015 square Inches until the star 
127 has orbited approximately 40 degrees. By way 
of contrast, the vaive port 163 which is In commu- 
nication with the fluid passage 177a is much further 
from the pivot point of the oribfting rotor aiemb&r 
127, and therefore, the relative movement, in the 
circumferential direction. Is much greater. Refening 
to the graph of RG. 13. it may be seen tiiat ttie 
orifice area between the valve port 163 and the 
fluid passage 177a reaches .015 square inches 
after only about 12 degrees of oriWtal movement of 
the star member 127. 

Therefore, in the altemative embodiment of tiie 
present invention, ttie added fluid passages 177a 
tfirough 1771 not only have the effect of doubling 
file valve oriflce area, thereby reducing ttie no-load 
pressure drop, but even more importantiy. open at 
a much faster rate tfian do the primary fluid pas- 
sages 167a through 167i. 

The Invention has been described in great de- 



tail sufficient to enable one skilled in tiie art to 
make and use tfie same, obviously, various alter- 
ations and modifications of the invention will occur 
to those skilled In the art upon a reading and 
5 understanding of tiie foregoing specification, and it 
is intended to include all such alterations and modi- 
fications as part of the invention, insofar as they 
come witiiin tiie scope of the appended claims. 

10 

Claims 

1, A rotary fluid pressure device (11) of the type 
including housing means (21) defining a fiuid inlet 

16 port (57) and a fluid outlet port (61); a rotary fiuid 
displacement mechanism (17) including a ring 
member (23) having a plurality N + 1 of internal 
teetii (25;125), and a star member (27;127) having 
a plurality N of external teeth (28;128), said star 

20 member being eccentrically disposed witiiin said 
ring member, tiie teetti (25.28;125.128) of said ring 
member and said star member interengaging to 
define expanding and contracting fluid volume 
chambers (29a-29g) during relative movement 

25 ttierebetween, one of said ring member and said 
star member having rotational movement about its 
own axis, and one of said members having orbital 
movement about tiie axis of ttie otiier of said 
members: a stationary vaive member (19;119) 

30 operatively associated witii said housing means 
and defining a stationary valve surface (71) ori- 
ented generally transversely relative to said axes of 
rotation, said stationary valve member further defin- 
ing a plurality N + 1 of first fluid passages 

35 (67:167). each of said first fluid passages being in 
Add communteation witti one of said fluid volume 
chambers, and having passage openings (67a- 
67g;167a-16ri) in said stationary valve surface, ar- 
ranged drcumferentially relative to said axis of one 

40 off said ring member and said star memben a 
rotary valve member (55:127). movable in synchro- 
nism with said rotational movement of sakl one of 
said ring member and said star member, said 
rotary valve member including a valve surface (73) 

45 disposed In sBdIng, sealing engagement witti said 
stationary valve surface (71), and defining a plural- 
ity 2N of valve ports (63.65:163,165) having open- 
ings In said valve surface (73) arranged drcum- 
ferentially relative to tiie axis of said rotary valve 

so member, said plurality 2N of valve ports including a 
first group of valve ports (63:163) having constant 
fluid communication witfi said fluid inlet port, and a 
second group of valve ports (65:165) having con- 
stant fluid communication witii said fluid outiet port: 

55 at least a portion of said plurality 2N of valve port 
openings being In fluid communication witii at least 
a portion of said first fluid passage openings (67a- 
67g;167a-167i) during said relative ort)ital and rotar 
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tional movement to direct fluid from said inlet port 
to said expanding volume chambers, characterized 
by: 

(a) said stationary valve member (19 ;119') fur* 
ther defining a plurality N + 1 of second fluid s 
passages (HATT), each of said second fluid 
passages having passage openings (77a- 
77g;177a-17ri) in said stationary valve surface. 

but being blocked from direct fluid communica- 
tion Ywth said fluid volume chambers, said sec- io 
ond fluid passage openings t)eing arranged cir- 
cumferentially relative to said axis of said one of 
said ring members and said star member, each 
of said second fluid passages being approxi- 
mately diametrically disposed from one of said 75 
first fluid passages; and 

(b) said stationary valve member further defining 
a plurality N + 1 of third fliiid passages (81a- 
81g;181a-181i), each of said third fluid passages 
providing fluid communication between only one 20 
of said first fluid passages and only said one of 

said second fluid passages diametrically dis- 
posed therefrom. 

2. A rotary fluid pressure device as claimed in 
claim 1, characterized by said rotary fluid displace- 25 
ment mechanism (17) comprising a gerotor gear 

set. 

3. A rotary fluid pressure device as claimed in 
claim 2 ciiaracterized by said ring member (23) 
t)eing fixed relative to said housing means, and so 
said star member (27;127) having bofli said orbital 

and said rotational movements. 

4. A rotary fluid pressure device as claimed in 
claim 1 characterized by said stationary valve 
member (19'.119') comprteing a plurafity of rela- 35 
tlvely tiiin, flat members (^,79:175.179), each of 
said flat members defining a portion of each of said 
plurality N + 1 of first fluid passages (67a- 
67g;167a-167i) and further defining a portion of 
each of said plurality N -i- 1 of said second fluid 4o 
passages (77a-77g;177a-177i). 

5. A rotary fluid pressure device as daimed in 
claim 4 characterized by said stationary valve 
member (19',119') further comprising a relatively 
thin, fiat member (19) disposed adjacent said rotary 46 
fluid displacement mechanism (17), said flat mem- 
ber defining a portion of only said plurality N + 1 

of first fluid passages, tiiereby being operable to 
block fluid communication between each of said 
second fluid passages (77a-77g) and said fluid so 
volume chambers (29a-29g). 

6. A rotary fluid pressure device as claimed in 
claim 1 characterized by saki stationary vah^ 
member (I9') comprising a plurafity 2N + 2 of 
relatively thin, flat members (75.79). including two 55 
groups of said flat members including a first group 

(75) and a second group (79), each of saki groups 
comprises a plurality N + 1 of saki flat members. 



each of said flat members of each of said first and 
second groups defines a portion of each of said 
plurality N -i- 1 of said first fluid passages (67a- 
67g) and a portion of each of said plurafity N -i- 1 
of said second fluid passages (77a-77g), each of 
said flat members of said second group also de- 
fines one of said plurality N 1 of third fluid 
passages (81a-81g): said flat members (75) of said 
first group fcieing an-anged alternately with said flat 
memfciers (79) of said second group. 

7. A rotary fluid pressure device as claimed in 
claim 1 characterized by said stationary valve 
member (119) comprising a plurality of relatively 
tiiin, flat members (176, 179) Including two groups 
of said flat members including a first group (175) 
and a second group (179), at least one of said flat 
memfc»ers of each of said first and second groups 
defines a portion of each of said plurality N + 1 of 
said first fluid passages (167a-167i) and a portion 
of each of said plurality N + 1 of said second fluid 
passages (177a-177i); each of said flat members 
(179b) of said second group also defines more 
than one of said plurality N + 1 of said tiiird fluid 
passages (181a-181i); said flat members of said 
first group being ananged generally alternately witii 
said flat memt)ers of said second group. 

8. A rotary fluid pressure device as clamed In 
claim 1 characterized by said valve ports (63: 163) 
of said first group being arranged altemately witii 
said valve ports (65; 165) of said second group. 

9. A rotary fluid pressure device as claimed in 
claim 8 characterized by said rotary valve member 
(55) axis of rotation being coaxial with said axis of 
said ring member (23); whereby ti)e extent of flukf 
communk^tion of said one of said second flukJ 
passages (77a-77g), diametrically disposed, witfi 
another of said valve ports (63) of said first group. 

10. A rotary fluid pressure device as claimed in 
daim 8 characterized by said rotary valve member 
(127) axis of rotation orbits about said axis of said 
ring member, whereby the rat© of Increase of fluid 
communk^ation of each of said second fluid pas- 
sages (177a-177i) witii one of sakJ vah^ ports (163) 
of said first group is greater tiian the rate of in- 
crease off fluid communication of said one of said 
first fluid passages (167^-1671), diametrically dis- 
posed, witii another of said valve ports (163) of 
said first group. 
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